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Introduction.

The materials on which the present paper is based consisted of

preserved and fresh specimens in the Society's Prosectorium and
the Museum of the Royal College of Surgeons. Nearly five

hundred tongues, representative of most genera were examined.

Characters were observed which are of considerable value for

purposes of classification, and a systematic arrangement of the

tongues of the Felidae, based on these features, agrees closely

with Pocock's system (24), which was founded on exter-nal and
cranial characters. It will be seen that the tongvies difier from
those described in my papers on the Primates (29), Ungulata,

Sii-enia, and Cetacea (30). Speaking generally the mechanical

power is frequently greater and the gustatory organs are fewer

than in many animals already described. The conical papillae

have strong, horny sheaths.

The tongues of the Fissipedia differ in many respects from those

of the Pinnipedia.

Suborder FISSIPEDIA.

Section ^luroidea.
The tongue is long and comparatively narrow in all species, but

it is wider in Felis leo, F. tigris, and F. onca than in other cats.

It thickens progressively from before backwards, but the free part

is never very thick. The sides are parallel or tapering, but the

tongue is spatular in a few cases. The apex is truncated or

rounded, but it is usually devoid of a notch. It is beset with
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small conical and fungiform papillse, but these do not stand up

prominently. And there' is in no case a large cluster of promi-

nent fungiform papillse containing large taste-buds, such as are

present in the Primates. The lateral borders are rounded, but

lateral orj^ans are variable. They have many backwardly-directed

conical papillaj ; these usually lie flat in the Feli<lse, but they

stand up prominently in some of the Yiverridae. No lobules are

present such as occur in the Cetacea.

The oral and pharyngeal parts of the tongue can be easily dis-

tino-uished from one another when the vallate papillse form a V
or a triangle, and when there is a marked contrast between their

conical papillse. It is, however, difficult to distinguish them when

the vallate papillte form rows which do not meet, and when the

conical papillae maintain the same characters from the apex back

to the epiglottis. The papillose base of the tongue is close to the

epiglottis in all ^luroidea except Felis leo and F. onca, in which

an extensive, smooth tract of mucous membrane intervenes

between the base of the tongue and the epiglottis.

The conical papillas in the Felidfe, Hyasnidse, and Proteles,

have thick, sharp or rounded, horny sheaths, which can exert

a powerful mechanical action on the food. This character is

less marked in many of the Yiverridee. In some of the papillse

in Proteles cristatas they form blunt caps for rounded papillse

(text-fig. 21).

Median dorsal sulci and transverse dorsal ridges and sulci are

absent. And there is no trace of fi'enal lamella^ sublingua, plicae

fimbriatee, or foramen caecum.

Oircumvallate Papilla} (text-fig. 15), The following patterns

are present :

—

1. A pair of papillse.

2. Two or more pairs of papillae arranged in converging rows,

which do not meet in an apical papilla.

3. Three papillse in a triangle with the apex behind.

4. Several papillse in V-formation.

5. Papillse form a double V.

The converging rows and the V can be regarded as incomplete

or complete chevrons. There is no trace of T or Y types, or of

fields of papillse. And in no case were papillse absent. It will

be seen that pairs of papillse are present in the Felidse, Hysenidse,

and Proteles, but all types exist in the Yiverridse. As some

tongues have no lateral organs, and few fungiform papillse with

taste-buds, the vallate papilla are frequently the main gustatory

organs.

It may be difficult to count the number of papillse, for they

are sometimes very small and inconspicuous, or concealed by

overhanging conical papillse. They may be all equal or unequal

in size.. They are circular, oval or dumbbell shaped when
viewed from above, and they are cylindrical or conical on elevation.

One or more may be included in one fossa. The vallum and
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fossa vary in prominence, and tlie papillary surface is smooth,
finely granular or papillated. In the Felidse, Protelid^e, and
Hyaenidae there are one or more pairs of papillae in rows which
converge, but do not meet. In the Yiverridse there are in

Text-fie-ure 15.
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The circumvallate papillae ; a-Tc : papillae on',"plan ; I : papillae on elevation.

addition to this pattern three papilla? in a triangle, or several

papillae in a single or double V.

The arrangements seen by myself and recorded by others are:

—

Family Felid^.

Felis leo :—One to five pairs of papillae ; seven papillse in two
rows.

F. tigris : —One or two pairs ; seven papillae in two rows.

F. pardus : —One or three pairs.

F. domestica, F. sylvestris, F. caffra, F. viverrina, F. nebidosa,

F. tengalensis, F. concolor

:

—Two pairs of papillae.

F. lynn'. F. caracal^ F. rufa, F. pardalis : —Three pairs of

papill*.

Cyncelurus j'ubatus : —Two or three pairs of papillae.

Family Yiverrid^.

Viverra civetta : —Three papillae in a triangle.

,, fusca :~Six papillae in a V-

Civettictis civetta : —Three papillae in a triangle.

„ „ Five papillae in a V.

9*
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Viverricula malaccensis : —Three papillae in a triangle.

Genetta felina : —Four papillae in a V.

,, parclina : —,, ;, ,,

,, tigrina : —Two papillae on the right side and one on
the left.

Hemigale hardwicMi : —Three papillae in a triangle.

„ „ :—Four „ „ V.

Paradoxurus larvatus : —Three ,, ,, triangle.

,,
herinaphroditus : —Three papillas in a triangle.

,,
typus : —Five papillae in a V.

Mu7igos mungo, M. ichneumon (several examples of each
species) : —Thi'ee papillae in a triangle.

Atilax paludinosus : —A pair of papillae.

Nandinia binotata, Suricata tetradactyla^ Galidia elegans :

—

Three papillae in a triangle in several examples of each

species.

Arctictis binturong : —Eighteen papillae in a double V (text-

fig. 15 A).

Cynictis penicillata :—Three papillae in a triangle.

Crossarchus obsGurus

:

— ,, „ ,, ,,

Family Hy^nid^.

HycBnco striata : —A pair of papillae (text-fig. 21).

,, ,, : —Two pairs of papillae.

H. crociota : —A pair of papillae.

Family PROTELiDiE.

Proteles cristatus: —A pair of papillae (text-fig. 21).

Fungiform Papillce

:

—These are numerous or scanty in the

vEluroidea ; and in some tongues they are well represented, but

indistinct. They may stretch right across the dorsum, or they

may be absent from the centre, thereby forming a dorsal bound-

ing zone. They are numerous, scanty or absent on the ventral

papillary zone. They have tlie usual arrangement in clusters

and rows of varying degrees of obliquity. They are hemispherical

or pedunculated, and the surfaces are smooth or granular.

Their distribution on the oral part of the dorsum is determined

by the presence or absence, and characters, of the patch of papillae

spinosiB. As a rule ihey are absent from the latter, but some
are present on it in F. caracal (text-fig. 20).

In raany Oarnivora lateral organs are absent, and it is probable

that fungiform papillae lying on the postero-lateral parts of the

dorsum replace them. This has been definitely proved to be the

case in Fells domestica. And it is shown below that club-shaped

fungiform papillae with well-marked taste-buds lie in the position

of lateral organs in some Felidse.

In the Feiidae there may be many fungiform papillae just behind

the apex, but they are never as large and prominent as those in
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the Primates. The chister contains many papillae in Felis pardics,

F. nehulosa, F. bengalensis, F. concolor, and Cyncelurus jiobatus.

It contains few papillae in F. leo, F. tigris, F. viverrina, and

F. sylvesti'is. No apical fungiforms are present in F. pardahs.

The fungiforms situated along the sides of the oral part of the

dorsum also vary. They are absent in some examples of F. leo,

moderately developed in F. sylvestris, F. pardalis, and F. concolor,

and numerous in F. jjardus, F. nehulosa, F. viverrina, F. benga-

lensis, and Cyncelurus jiobatus. No papillae are present in the

spinous patch, except in F. caracal (text-fig. 20). On the dorsum

behind the spinous patch there are insignificant or prominent

fungiform papillae ; they are poorly developed in F. leo, F. tigris,

F. viverrina, F. pardalis, and Cyncelurus jubatus ; they are present

Text-figure 16.

rdomest.

^<nWBi]

B.

mm
F. sylv

F. caracal.

fmrmn
Fciffra.

S^

The divisions of the iEluroid tongue (A.) and the characters of the papillae

clavatse (B.). F. domest. : domestic cat ; 'F. sylv. -. wild cat ; a papillse

with a taste-bud greatly magnified is seen in the lower right-hand corner.

in moderate numbers in F. pardus, numerous in F. nehulosa and

F. ca-ffra, and very prominent in F. sylvestris.

On the posterior parts of the lateral parts of the dorsum there

is sometimes a row of finger-like or clubbed papillae for which I

propose the name of papillae clavatae (text-fig. 16 A and B). They

lie in the position of the lateral organs, and tbey appear to be

modified fungiform papillae. Histological examination reveals the

presence of taste-buds in their epithelium. They aie useful for

purposes of classification, being present only in Felts domestica,

F. sylvestris, F. cafra, and F. caracal. Until material comes to

hand I am unable to state whether they occur in F. chaus and

F. lynx. They are relatively largest in F. caracal.

Watson and Young (33) stated that the fungiform papillae are



134 DR. C. F. SONWTAaONTHE ANATOMY

numerous in Hycena crocuta. In H. striata tliey are not very
numerous.

In Proteles cristatus (text-fig. 21) the papillae form a marked
cluster in front of the vallate area, and others are all over the
dorsum.

In the Yiverridge the conditions of the fungiform papillpe ai-e

more varied than in the Felidse, for the patch of papillse spinosse

is absent, weak or strong ; and the distribution of fungiform
papillse depends on its characters. In Nandinia Unotata (text-
fig. 21), Viverra civetta, and Givettictis civetta there is no spinous
patch, and fungifoi'm papillse cover the dorsum from the apex of

the tongue to the vallate area, and from one side to the other.
A few papillse are present on the ventral papillary zone. In
Paracloxurv,s larvatus the patch is small, and its component
conical papillse are slender ; fungiform papillse encircle it, and a

Text -figure 17.

The lingual papillaj seeu under a hand-lens. 1-26 : conical papillse

;

27-30 : fungiform papillse.

few are found on it. In other species the arrangement of the
fungiform papillse and the patch are as in the Felidse.

The chaj'acters of the fungiform papillse are shown in text-

fig. 17.

No papillse clavatse are present in the Hysenidse, Protelidse,

and Viverridse.

The value of the clavate and other fungiform papillse for

purposes of classification is shown on page 149.

Conical Papillae

:

—As the mechanical function predominates
over all otliers in the -3^11uroidea, the conical papillse are strongly

developed. And they are provided with shaip-pointed horny
sheaths. In the fore part of the oral division of the dorsum
there is, in most cases, a patch of large conical papillse which
have been termed papillse spinosse ; and the area on which they
stand is called the spinous patch in this paper (text-fig. 16 A).
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The patch may be completely surrounded by a zone of small

papillae, or it may extend laterally till it coveis the whole width
of the tongue. The histology and chemistry of the horny
epithelial sheaths of the papillee have already been described by
Severin (28), Klein and Verson (17), Csokor(7), Podwisotsky (25),

and Ranviei* (23). The ventral papillary zone may be composed
of small conical papillae alone, or of both conical and fungiform
types.

Family Felidce : —In all forms the spinous patch is surrounded
by a zone of small papillae, but it vaiies in size, and in the

prominence of its papillae. The points of the papillae are directed

backwards, and are straight or recurved to a variable degree

;

but those of the papillae on the encircling zone face backwards
and inwards. The lateral papillae may increase or decrease from
before backwards, but the papillae spinosae increase in size from
without inwards.

In all Felidae except F. leo and F. onca the conical papillae

extend back to the epiglottis, but in these species the most
posterior papillae are separated from the epiglottis by a smooth
mucous surface. The conical papillae on the pharyngeal part may
be smaller or larger than those on the oral part of the dorsum.

The characters to which special attention must be paid are :

—

1. The extent of the small band of conical papillae encircling

the patch of papillae spinosae, and tlie relative quantities of fungi-

form papillae situated on it.

2. The posterior limit of the spinous patch, and the distance

between the anterior extremity of the pa,tch and the apex of the

tongue.

3. The characters of the papillae spinosae, particularly the shape

of their spines and their closeness or separateness.

4. Characters of the conical papillae behind the spinous patch.

5. Presence or absence of a row of papillae clavatae in the region

of the lateral organ on each side.

6. The relative sizes of the conical papillae on the oral and
pharyngeal parts of the dorsum.

7. Character of the ventral papillary zone.

In Felis leo (text-fig. 18) the small papillary zone girdling the

spinous patch extends back along the anterior third of the tongue.

The spinous patch begins close to the apex of the tongue, but

does not reach the middle of the oral part of the dorsum. The
papillae spinosae have sharp, recurved, closely-set points so their

bases are not much exposed. Behind the patch the conical

papillae form a central band of small ones and two lateral tracts

of large ones. No clavate papillae are present, and the papillae on

the pharyngeal part of the dorsum are small. In F. tigris (text-

fig. 18) the conditions are in general similar to those in the lion,

but their development is not so great. The papillae spinosae have

recurved, but not very prominent points, but the conical papillae

on the pharyngeal part of the tongue are prominent. Fungiform
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papillae are more marked behind the spinous patch. The tongue

is not separated from the epiglottis by a smooth mucous ti^act. In
F. sylvestris, F. domestica, and F. caffra (text-fig. 20) the zone of

small conical papillse surrounding the spinous patch extends far

back along the lateral aspects of the dorsum ; it ha^ many fungi-

form papillae at the sides of the tongue, but few behind the apex.

The spinous patch begins a considerable distance behind the apex

of the tongue, and extends to the middle of the oral part of the

dorsum. The papillae spinosae are discrete, their points are

straight, and their granular bases are visible. Papillae clavatae

are well-marked. The conical papillae behind the spinous patch

are divisible, according to size, into a central and two lateral

Text-figure 18.

Fe//s ti'ffris.

fe/is leo.

The tonajues of the Pantherinse.

tracts ; and the papillae on the pharyngeal part of the tongue are

large. In F. pardus (text-fig. 18), of which several varieties were
examined, the dorsal bounding zone of small conical papillae only

extends along the apex and anterior third of each lateral aspect

of the dorsum ; and it is well-studded with fungiform papillae ; it

is also very narrow when compared with the zone on other

tongues. The spinous patch begins close to the apex of the

tongue, but does not reach the middle of the oral part of the

dorsum. The papillae spinosae are discrete, and have sharp re-

curved points. No papillae clavatae are present. The conical

papillae behind the spinous patch are divisible into a central and
two lateral tracts ; and the papillae on the base of the tongue are
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large, soft and not very closely aggregated. The tongue of

F. nehidosa (text-fig. 19) differs somewhat from that of the last

species. The wide dorsal bounding zone of small papillae contains

more fungiforms. The spinous patch begins far from the apex of

the tongue and reaches nearer the middle of the oral part of the

dorsum. In other respects the tongues are similar. In F. viver-

rina the dorsal bounding zone extends along the anterior third of

the oral part of the dorsum : it is narrow and has few fungiforms.

Clavate papillae are absent. The spinous patch begins a short

distance behind the apex of the tongue, but lies entirely in the

anterior third of the tongue. Its constituent papilla are slender

and inconspicuous. The papillae behind the spinous patch are

arranged in a central and two lateral tracts, and the conical

Text-figure 19.

fUmm

C/nsefurua jubatus. Fe//'s nebu/osa. Fe/is parda//s.

The tongues of the Aciuonychinse and Pelinse (Xo. 1).

papillae on the base of the tongue are narrow, pointed, and discrete.

In the tongue of F. hengalensis the dorsal bounding zone is relatively

wide and has well-developed papillae fungiformes. No papill®

clavatae are present. The spinous patch begins some distance

behind the apex of the tongue and extends to the middle of the
oral part of the dorsum ; its papillae have strong points. The
central and lateral tracts of papillae behind the spinous patch are

just distinguishable ; and the papillae on the pharyngeal part are

long, slender, and discrete. In F. pardalis (text-fig. 19) the

dorsal bounding zone is narrow and has few fungiform papillae.

The spinous patch does not extend as far back as the middle of

the oral part of the dorsum. In other respects it is similar to
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that of F. hengcdensis. In F. caracal (text-fig. 20) tlie bounding
zone is wide. The spinous patch is small, and begins far from
the apex of the tongue. The conical pa.pillae behind the patch are

divisible, according to size, into a central and two lateral tracts.

Papillae clavatae are very well marked, and form a row of discrete,

prominent structures. The conical papillje on the base of the
tongue are pointed and discrete, being separated by wide areas of

the pharyngeal part of the dorsum.
In CyiicBlarus jubatus (text-fig. 19) the bounding zone extends

half-way back along the dorsum, and it lodges a few small
fungiform papillae. The spinous patch begins far from the apex,

Text-figure 20.

The tongues of the Felinse (No. 2)

.

and does not i-each the middle of the dorsum ; and the points of
the papillae spinosae are slender and sharp. ISTo papillae clavatae

a.re present. The conical papillas behind the spinous i)atch are
divisible into a central and two lateral tracts, and tlie conical
papillae on the base are small.

It is, therefore, evident that the tongues of the Felidae are
divisible into two groups, according to the presence or absence of
papillae clavatae. In the former are Felis domestica, F. sylvestris,

F. caffra, and F. caracal. As no examples of F. chaus and F. lynx
have come to hand the above list cannot be regarded as complete.
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In the latter are F. ho, F. tigris^ F. pard%is, F. pardalis, F. onca,

F. serval, F. vwer7'ina, F. bengalensis, and Cynodurus juhatus.

Tlie subdivision of the Felidse by other characters is given on

page 149.

Family Hycenidce

:

—̂In H. striata the dorsal bounding zone of

small papillae is wide. The spinous patch begins far from the

apex, and is less extensive in proportion to the length of the

tongue than that of any of the Felidse ; the points of the papillae

spinosae are small. The division of the conical papillae behind

the patch into central and lateral tracts is not pei'ceptible. The

Text-figure 21.

'-^---. f^/yf \^S'^ --yi

Hyaena str/sia,

Proteles cn'status.

The tongues of the Hysenidse, Protelidse, and Viverridse (No. 1).

conical papillae on the base of the tongue arc divided into a

central band of large elements, and tw^o lateral tracts of small

ones. No papillae clavatae are present (text-fig. 21).

Family Protelidce : —The tongue in Proteles cristatus is spatular,

and the spinous patch covers the whole anterior expanded part

(text-tig. 21). The papillae on the patch are circular or blunt-

pointed cones. The conical papillae behind the patch are very

small and are not divisible into central and lateral tracts. Basal

conical papilla are scanty, and no papillae clavatae are present.

Family Viverridce : —The spinous patch is absent, small or well-
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developed, and the development of the points varies as shown in

the following table :

—

g • Development Development
P*^ of patch. of points.

Civetticiis civetta — —
Viverra civetta + +•

Viverricula malaccensis -1- + +
Geneita felina ++ +

,, tigrina ++ +
Paradoxiorus larvatus + , +

,, hermaphroditus + +
Arctictis hinturong -f +
Nandinia hinotata — — (text-fig. 21).

Mungos ichneumon + -|- -f

„ mungo ++ + +
Atilax paludinosus +-1- + + +
Galidia elegans ++ +
Gynictis penicillata + + + + +
Suricata tetradactyla + +
Grossarchus ohscurus ++ + + + (text-fig, 22).

The conical papillae have the usual direction, and increase in size

in the usual manner. They usually lie flat on the lateral borders,

but they project from them in Nandinia hinotata and Mungos
ichneumon. Behind the spinous patch they are not divisible

into central and lateral tracts as in the Felidae. The conical

papillas on the base of the tongue are usually small, and they are

close together or discrete. They are small and discrete in Nan-
dinia hinotata and Viverricula rnalaccensis ; but they are small

and close together in Mungos mungo, M. ichneumon, Givettictis

civetta, and Viverra civetta. They are large in Paradoxurus
larvatus, Genetta felina, Suricata tetradactyla, and Arctictis hin-

turong.

No papillsB clavat£e are present.

Lateral Organs are poorly developed or absent. Various
authors have described them in Fells domestica (19, 17, 7, 12, 31),

F. tigris (19), F. pardus (12), Viverra civetta (19), V. fusca (20),
Genetta tigrina (22), and Hycena striata (19). In my specimens
they were arranged as follows :

—

Family Felidae : —Organs absent in Felis leo, F. domestica,

F. sylvestris, F. caffra, F. caracal, F. hengalensis, F. nehulosa, and
F. pardalis. They are represented by slight fissures in F. par-
dus, F. coiicolor, F. viverrina, and Cyncelurus juhatus.

Family Viverrid* : —Organs absent in all except Nandinia
hinotata, Viverra civetta, Gynictis 'penicillata, and Suricata tetra

dactyla.

One or two foliate clefts are present in the Hyaenidae anc

Protelidse.

Glands : —Lymphoid nodules and the orifices of ducts and pits

are scanty or absent on the base of the tongue. No apical gland
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of ISTuhn is present. In the cat mucous glands predominate over
Ebner's glands.

LyUa:—T\\Q lytta lies in the free part of the tongue close to

the apex. It is short, and thick or slender; and it is not of

much mechanical advantage. Oppel describes its histology, and
recapitulates the views of Codronchi, Casserius, and Cuvier as to

its nature. It has been described in the cat by Flower (10) and
by Ludwig, Prince of Bavaria (18). In Felis leo it is three-
quarters of an inch long and half an inch thick.

The ventral surface of the tongue is plain. It has a well-marked
frenum, and there is frequently no trace of a ventral mesial
sulcus and ventral papillary zone.

Section Cynoidea.

The form of the tongue and the characters of the apex and
lateral borders are essentially similar to those in the ^Eluroidea.

But mesial dorsal sulci are sometimes well mai-ked.

The circumvallate 2Ktpillce are arianged in converging lines which
do not meet in all specimens examined by myself and recorded b}^

others. They are round or oval on plan, and cylindrical or conical

on elevation
;

the fossa is usually well marked, and the vallum is

smooth, granular or lobulated. All papillfe may be equal in size,

or the members of a row" may vary. In some cases the papillae

are concealed by overhanging conical papillee. The number of

papillae in my specimens, and those in the Mviseum of the Royal
College of Surgeons are :—

Cants familiar is : —One to six pairs.

Ganis htp'us: —Two or three pairs.

Canis cinereo-argentatus

:

—Five papillae, in two rows (31).

Canis aureus: —One pair.

Canis mesomelas and C. azarce : —Two pairs of papilla^.

Canis tJious. C. occidentalis, C.juhaius:- —Three pairs of papillae.

Vulpes vulpes, V. bengalejisis, V. leucopus, V. fulvus. Alopex
lagopus, Cyon dukhensis, Lyoaon cujyensis, and Nyctereutes pro-
cyonides : —Three pairs of papillae.

As the number of papillae is variable in those species of which I
was enabled to examine several examples they are useless for

purposes of classification.

The fangiform papillce may be very obvious, but they aie

usually minute, aiid it may be necessary to employ histological

examination to detect their presence. In a specimen of Vidj^es

leucopus I was unable to detect them at all. Thej'^ have the usual
ai-rangement, but the apical cluster is not prominent. Some are

present on the ventral papillary zone. Well-developed taste-buds

are present in Canis familiaris and Vidpes vidpes. Papillae

clava,t8e are absent.

Conical Papillce : —No spinous patch is present. The papillae

have the usual arraiigement in rows and clusters, but those on
the oral part are much smaller than those on the pharyngeal
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division of the dorsum. A clear line of demarcation, which is

concave forwards, separates the two groups. This arrangement
was also described in my paper on the tongues of the Lemu-
roidea (29). The forms are shown in text-fig. 17, 1-6 and 12-15.

Lateral Organs : —Various authors have described them in

Canis familiaris (23), G. lupus (5), C cinereo-ay'gentattis (31),

C. mesomelas (31), G. j'ubatus, Vulpes vulpes, V. leucopus, and
V. fvhms. In Ga^iis familiaris they are variable, being present

in some specimens, but absent in others. Authors have described

the histology of these structures in that species. In the speci-

mens at my disposal I found organs in some specimens of Ganis
familiaris, but not in others.

In the specimens at my disposal I found the organs always
very slightly developed when present. No traces were present

Text-figure 22.

'KM.

/V Canis mesome/3s.
Crosssrchus o6sct/rus.

The tongues of the Viverridse (No. 2), Canidce, and Pvocyonida> (No. 1).

Cercolsptec
ci'udivolv'/lus.

in G. lupus, G. mesomelas, G. jiohatus, Vul2}es vulpes, V. leucopus,
V.fulvus. But they were present in all other Canidse enume-
rated in this paper.

Glands

:

—In the dog and common fox serous glands surround
the vallate papillae and la.teral organs, and mucous glands cover
the base of the tongue. But there is no apical gland of Nuhn.
Lymphoid nodules and orifices of ducts and pits are scanty on
the base of the tongue.

The frenum is well marked, but there are no traces of fre'nal

lamellae, plicae fimbriatse, and foramen csecum. The median
glosso-epigiottic fold may run forwards for a considerable distance
on to the pharyngeal part of the tongue and separate the conical
papillae into two groups.
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The lytta is well developed, and its histological characters

have been described by many aiithors, whose observations have
been collected by Oppel (23). In Ganis aureus it is continued to

the hyoid bone by a long, slender fibrous thread.

The characters of the tongues of the Cynoidea are so similar in

many species that tliey cannot be used for purposes of classifi-

cation, as they can in the case of the ^luroidea.

Section Arctoidea.

The tongue is long, narrow and thin. The apex is rounded
and may or may not have a notch. Notches are absent in the
Mustelida? and ^luridse, but are well marked in some of

the Procyonidse and Ursidse. Minute conical paj>ilhe clothe

the apex, and the fungiform papillse in that region are small

in the Mustelidae and ^luridte. The apical conical papillae

are long and prominent, but the fungiform papillse are small
in the Ilrsidje. The apical fungiform papillae are lai^ge, hut the
conical papillse are small in the Procyonidse. The lateral borders

are acutely or widely rounded, but lateral organs are variable.

The conical papillae thereon lie flat in the Mustelidse, ^luiidaj,
and Procyonid^, but they stand up prominently in the Ursidse.

It was shown in a previous paper (30) that lateral projections are

present in Sus and the Cetacea. Median dorsal sulci are present

in many species, but they are very prominent in Mustela martes,

M. erminea, and some species of Ursus. Transverse ridges and
sulci are very well marked in Mustela erminea. The entire dorsum
is clothed with papillse which may be inconspicuous or very
prominent, and the conical papillae on the base may be much
larger, or smaller than those on the oral part of the dorsum.

Girciomvallate Pajyillce : —The following arrangements exist :

—

1. One or more pairs of papillae in two converging rows which
do not meet,

2. Several papillse in V-formation.

3. Several papillae in a semicii'cle.

The following list shows the arrangements observed by myself
and recorded by others :

—

Family Mustelid^.

Mustela martes : —Two pairs of papillae.

,, erminea

:

—Three pairs of papillse in Miinch's 27
specimens.

Ictonyx zorilla : —A pair of papillse.

Putorius vison : —Two pairs of papillse in three specimens.
Meles 7iieles : —Seven papillse in a semicircle (text-fig. 23) or five

to nine papillse in a V.

Arctonyx collaris

:

—Eight papillse in a V.

Lutra vulgaris :
—Yive or eight papillse in a V.

Me'phitis mephitica : —A pair of papil]£e.

Gonepatus proteus : —Five papillse in a V.

Galictis vittata : —Eight papillse in a V.
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Family PROCYONiDiE.

Procyon lotor : —Five pairs of papillfe, or twelve papillse in a V
(text-fig. 23).

Nasua narica : —Four to eight pairs of papillae in a V (text-fig. 23).

Geixoleptes caudivolvulus : —Ten papillae in V-formation (text-

fig. 22).

jElurus fulgens : —Ten or twelve papillse in a V (text-fig. 23).

Family UrsiDjE.

Ursns maritimus : —Two pairs of papillse, or ten papillfe in a V-

,, arctos : —16 papillfe in a v.

,, mnericanus : —20 papillae in a semicircle.

,, fuscus : —Ten pairs of papillae.

,, mcdayanus : —Seven to thirteen papillae.

,, lahiatus : —16 or 17 papilla3 in a v.
Melursus iirsinus : —Ten pa.pillfe in a V.

The papillae are round or oval on plan and cylindrical or conical
on elevation in all except Meles meles in which globular forms are
present. The vallum is smooth, granular o]- lobulated, and the

Text-figure 23.

Nasua naricS.

The tongue of Nasiia and the arrangements of the vallate papillse in the

Mustelidse and Ursidfe.

fossa is closed or patulous. In a specimen of Meles meles (text-
fig. 23) the mucosa over the papillfe is brown and tesselated ; but
this appearance was absent in five specimens. The Valiums may
be in contact (text-fig. 23) or separated by intervals. Numerous
taste-buds are present.

Tlhe fungiform papillce may be just visible to the naked eye, or
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they may stand up prominently. They are inconspicuous in

Mustela erminea, M. onartes, and some species of Ursus. They are

small, but obvious, in Meles meles, Lutra ^mlgaris, Arctonyx
collaris, Gcdictis vittata. Procyon lotor, and jElurus fidgens. They
are larger and more prominent in Nasua narica than in any other
Carnivore examined by myself. They have the usual arrange-
ment in clusters and rows of varying degi'ees of obliquity ; but
they usually stretch from the mid line to the lateral borders of

the tongue. Those at the posterior parts of the lateral borders
are very prominent in Cercoleptes caitdivolvulus, and may replace

the lateral organs. Taste- buds are present in the fungiform
papillae in many species. Papillse clavatfe are absent.

Conical pajnllce cover the entire dorsum from the apex back to

the epiglottis, and they frequently form a ventral bounding zone.

But there is no trace of papillpe spinosse. The conical papillae

have the usual arrangement into apical clusters and rows of

varying degrees of obliquity. But their distribution according
to size differs considerably as follows :

—

1. Papillae on the oral part of the dorsum large, but those on
the pharyngeal part are small:

—

Mustela, Arctonyx, Galictis.

2. Papillae on oral part small, but those on the pharyngeal
part large :

—Nasua, Procyon, JEliirus, Ursus, Melursus, Ictonyx.
3. Papillae small all over:

—

Meles.

4. Papillae large all over :

—

Lutra.

The papillae make the edges of the tongue rough in Mustela,
Lutra, and Nasua, but the edges are smooth in Meles. In Ursus
they stand up prominently on the apex of the tongue and the
anterior ends of the lateral borders.

Lateral Organs : —There is considerable difference of opinion
as to their occui'rence- in the Arctoidea. Various authors have
described them in Mustela martes, Putorius vison, Procyon lotor,

Cercoleptes caudivolvulus, and several species of Ursus. I observed
no trace of these structures in Mxistela erminea, M. martes,

M. foina, Ictonyx zorilla, Mephitis mephitica, Conepatus proteus,

Meles meles, Lutra vulgaris, Procyon cancrivorus, Nasua narica,

jElurus fulgens, Cercoleptes caitdivolvulus, Arctonyx collaris,

Galictis vittata. Some small foliate clefts were seen in Procyon
lotor, Ursus maritiimcs, and Alelursus ur sinus.

There is no trace of frenal lamellse, sublingua, plicfe fimbriatae,

or foramen caecum. Lymphoid nodules and the orifices of ducts
and pits are scanty on the base of the tongue

The lytta is present, and it reaches its highest degree of

development in Cercoleptes caudivolvulus, in vs^hich it is long,

ligamentous and ensheathed.

Suborder PINNIPEDIA.

The tongues are shorter and wider than those of the Fissipedia,

and they taper more rapidly.

Pkoc. Zooh. See—1923, No. X, 10
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The apex is entire or cleft, and may be smooth or covered with

lobules and papillae. It is round, massive, smooth, and entire in

Trichechus rosmarus. In Gystophora p7-ohoscidea it is rounded,

with a deep median cleft, and is covered with coarse lobules. In

other forms it has a wide apical sulcus separating its apex into

two lateral parts, which vary in appearance. Both halves are

covered with papillse which may be restricted to the apices or

extend along the borders. As the specimens examined were not

at my disposal for histological purposes I am unable to state

whether the papillae and lobules in the Pinnipedia are homologous
with those in the Cetacea and Galeopithecus. The halves are

rounded in Otaria californiana, and they are rounded and
laterally projecting in 0. gillespii. They are sharper in Phoca
vitulina, Halichcerus gryphus, and Cystophora cristata.

^^---^

Trichechus
rosmarus.

Text-figure 24

Cystophora \ / Otar
proboscidea. ) t caj/fon

Hah'choerus
gryphus.

Ursus srctos.

The tongues of the Pinnipedia and JJrsus.

The lateral borders a,re rounded in all forms, but are elevated

in some examples of Phoca vitulina. They are massive in

Trichechus rosmarus and Cystophora p>rohoscidea ; they are smooth
in the former, but covered with papillae and lobules in the latter.

In other forms they have many small papillte. In some forms,

such as Otaria californiana.^ there are rows of elevations at their

postei'ior extremities, but these must not be mistaken for latei-al

organs.

Sulci and Ridges: —No ridges are present on either surface.

Mesial dorsal and ventral sulci are faint or absent, as in the

Cetacea, but transverse sulci were only observed in Gystophora

proboscidea.

In all forms except Trichechus rosviarus the tongue has no inter-

molar elevation, and the oral part can usually be distinguished
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from the pharyngeal division. The former is covered with
papillae in all forms except Cystophora prohoscidea, and the
latter is folded and covered with orifices of glands and pits, as

in the Cetacea.

The circuvivallate papillce are the chief gustatory organs in

Trichechus rosmarus and Cystophora prohoscidea, which have no
lateral organs. The}' are sometimes absent as well, so the gusta-
tory function is poor or absent in some Pinnipedia. The
following table shows the arrangement of the papillae and lateral

organs :

—

Species. Circumvallate papillae. Lateral organs.

Otaria calif orni ana Absent. Absent.

„ gillespii „ „

Trichechus rosmarus 7 in a V. „

Salichoerus gryplius Absent. „

FJioca vitulina 5 in a V. Well marked.

10-12 in a V.

„ „ 3 in a triangle. „ „

„ „ 8-9ina V. „ „

Cystophora cristata Absent. „ ,,

„ prohoscidea 8 in a V. Absent.

It is, therefore, evident that gustatory organs attain their

greatest development in Phoca vitulina, and they are poorest in

Otaria californiana, 0. gillespii and Halichoerus gryphus. The
conditions are intermediate in Trichechus and Cystophora.

Fungiform Papillce : —These are numerou.s, scanty or absent

;

and when many are present they are thickly clustered on the
centre or sides of the dorsum, or spread all over it. They are
hemispherical or pedunculated, and the surfaces are smooth or
gianular.

Papillse are absent in Halichoerus gryphus. They are numerous,
especially on the centre of the oral part of the dorsum, in Cysto-
phora cristata, but they are aggregated around the edges of the
dorsum in Trichechus 7'osmarus. In Otaria californiana they are
scanty, they stretch right across the dorsum, and they have the
usual arrangement. In Phoca vitulina the usual mammalian
arrangement is present. In the Cetacea fungiform papillae are
absent.

Conical pap>illce are absent in Trichechus rosmarus and Cysto-
phora prohoscidea, but they are present in all other forms. And
they have their usual arz-angement in clusters and rows on the
oral part of the dorsum. They also increase in size in the usual
manner from before backwards and without inwards. The
pharyngeal part is folded and devoid of papillse standing up from
the surface in Cystophora, Phoca, and Halichoerus, but large

10*
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pedunculated or tapering papilljB are present in Trichechus,

Otaria californiana and 0. gillespii.

No papillje clavatee are present in the place of lateral

organs.

Glands: —The orifices may be numerous, scanty or absent.

In Trichechus rosmarus they are thickly clustered on the oral part

of the dorsum, but in other forms they are mainly present on the

pharyngeal part.

The frenum is slight or absent, and there are no traces of

frenal lamellte, sublingua, plicae fimbriatse, or foramen csecum.

The ventral papillary zone is narrow in Otaria and

Cystophora.

Tuckerman (31) described how many fat cells are present in

the mucous membrane, submucous tissue, and subpapillary zone

in Phoca vitulina.

No lytta is present in the specimens of Phoca vitulina and

Otaria californiana examined by myself. And the median

o-losso-epiglottic fold is well marked in the former, but absent in

the latter.

The comparisons between the tongues of the Fissipedia and

Pinnipedia are shown in the following scheme :

—

Suborder Fissipedia: —Tongues long, narrow, thin. Apex

entire. Few have laterally-projecting papillae on margins.

Pharyngeal part not folded. Yallate papillae always present. No
o-land orifices seen on oral part. Frenum and lytta present.

Spinous patch and papillae clavatse sometimes present. Lateral

organs variable.

Suborder Pinnipedia: —Tongue shorter, wider, thicker. Apex

cleft in all except Trichechus. Edges lobulated or have laterally-

projecting papilla?. Mucosa of pharyngeal part folded. Many
glandular orifices present. Yallate papillse frequently absent.

Lytta absent. Frenum slight. No trace of a spinous patch or

papillae clavatae. Lateral organs variable.

Systematic.

Whenthe characters described above are arranged in systematic

order the following results are obtained :

—

Suborder FISSIPEDIA.

Section ^luroidea.
Spinous patch present in all Hysenidse, Felidee, Protelidse, and

most Viverridse.

Family Felid(e : —Conical papillae behind spinous patch divided

into central and lateral tracts. Patch never reaches edges of

tongue. Basal conical papillae nevtr form a median strip.

Family Viverridce

:

—-Conical papillae behind the patch not

divided into centi-al and lateral tracts. Spinous patch never
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reaches edges of tongue. Basal conical papillse never form a

median strip-.

Family IJycenidce

:

—Conical papillae behind spinous patch not

divided into central and lateral tracts. Patch never reaches edges

of the tongue. Basal conical papillse form a prominent central

strip.

Family Protelidm

:

—Conical papillse behind spinous patch not

divisible into central and lateral tracts. Patch reaches margins

of tongue. Basal conical papillse never form a median strip.

Family Felid^.

A. Spinous patch begins close to apex of tongue, and is restricted

to the anterior part of the dorsum. Papillae spinosai have
recurved points. No papilla? clavatse.

i. Tongue separated from epiglottis by a long, smooth tract

of mucous membrane Felis leo, F. onca.

ii. Tongue not separated from epiglottis by a long, smooth
mucous tract.

a. Papilla spinosse weak F. tigris.

b. Papillae spinosse strong F.pardus.

B. Spinous patch begins close to apex of tongue and i-eaches

middle of oral part of dorsum. Points of papillge spinosse

recurved and strong. Basal conical papillse moderately

large or small. No papilla clavatse.

i. Basal conical papillas moderately long and close F. yaguarimdi.

ii. Basal papillse small and discrete F. concolor.

C. Spinous patch begins far from apex of tongue. Papilla3

spinosse have strong, straight points. Papilla? clavatse

present.

a. Fungiform papillae on spinous patch F. caracal.

b. No fungiform papillse on patch.

i. Large fungiforms behind patch F. sylvestris.

ii. Small fungiforms behind patch F. caffra, F. domestica.

D. Spinous patch begins far from the apex of tongue. Papillse

spinosse have strong, straight points. . No papilla; clavataj.

a. Basal conical papilla scanty or absent F. pardalis.

b. Basal conicals long, sharp, discrete F.viverrina, F.bengalensis.

c. Basal conicals large and close F. nebulosa.

E. Spinous patch begins far from apex of tongue, Papillaj

spinosse have slender points. No papilla; clavataB. Basal

conicals numerous, minute, close Cyncelurus.

Pocock's classification (24) agrees with the above as follows :

—

Subfamily Pantherinse = Group A.

„ Felinse = Groups B, C, D.

,, Acinonychinse = Group E.

As regards the Hysenidse and Protelidse the characters given

at the beginning of this section are all that can be obtained from

the tongue for purposes of classification. And the lingual
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characters do not show any affinity between Proteles and the
Hyaenas. Moreover, they do not show that Proteles resembles any
of the Herpestine Yiverridse as stated by Weber.

Family Viverrid^.

A. Spinous patch absent or moderately developed.

a. Patch absent.

i. Conical papillas on oral part of tongue strong, but those
on base moderately developed Nandinia.

ii. Conicals on oral part small, those on base strongly
developed Civettictis.

iii. Conicals on oral part strong, those on base weak or absent Viverra.

b. Patch slight Faradoxurus
c. Patch moderately developed, and its papillae are nodular Fiverricula.

d. Patch moderate, papillae pointed.

i. Vallate papillse in a single V Genetta.

ii. Vallates in a double V Arctictis.

B. Spinous patch strongly developed.

a. Points of papillse sharp Cynictis, Mwngos, Atilax.

h. Points broad and blunt CrossaT'chus.

c. Papillae globular Suricata.

Weber divided the Viverridse into Viverrine and Herpestine
subfamilies. The former corresponds to Group A, and the latter

to Group B in the above scheme.

Section Cynoidea.

No trace of a spinous patch in any species. Circvimvallate

papillae always in converging rows which do not meet. Fungiform
papillae insignificant. Conical papillae on oral part of tongue
small, but those on pharyngeal part large. Characters so similar

in all species that they cannot be used for purposes of classifi-

cation.

Section Arctoidea.

No spinous patch. No papillae clavatae. Fungiform papillae

more obvious than in Cynoidea. Conical papillae variable.

A. Conical papillae on oral part of dorsum large, but those on
pharyngeal part small Mustela, Arctonyx, Oalictis.

B. Con cal papillae all small from apex of tongue back to epiglottis. Meles.

C. ,, „ „ large „ „ „ „ „ Lutra.

D. „ ,, on oral part of dorsum small, but those on
pharyngeal part large.

i. Conical papillae on anterior ends of lateral borders stand out
prominently Ursus.

ii. Conical papillae on anterior ends of lateral borders do not stand
out prominently.

a'. Fungiform papillae on posterior parts of lateral borders
immense. Lytta verj^ large Cercoleptes.

b'. Fungiform papillae large all over Nastui.

c' „ ,, small,, „ Procyon, ^lurus.
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Suborder PINNIPEDIA.
A. Apex entke. Posterior part of tongue elevated. Fungiform

papilljB aggregated round edges of dorsum Trichechtis.

B. Apex cleft. Postprior part of dorsum not elevated. Fungi-
form papillae not aggregated round edges of dorsum.

a. Halves of apex rounded and blunt. No vallate papillae nor
lateral organs. Large pedunculated conical papillae on base
oftongue Otaria.

b. Halves of apex sharper. Vallate papillae or lateral organs or

neither present. No large pedunculated papillae on base,

i. No fungiform papillae. No vallate papillae. No lateral

organs Salichcerus.

ii. Fungiform papillae, vallate papillae, and lateral organs well

marked PJioca.

iii. Fungiform papillae present. Vallate papillae or lateral

organs present Ci/stophora.

It is, therefore, evident that Phoca has a fuller complement of

gustatory organs than all other Pinnipedia described above.

Comparisons with the Cetacea.

It IS now believed that the Cetacea have affinities with the

Arctoidea and Pinnipedia, so it is necessary to compare the

tongues. A full description of the Cetacean tongue is contained

in the previous paper of this series (29).

The tongue is long, narrow and thin in the Arctoidea, but
wider and thicker in the Pinnipedia and Cetacea. The ajjex is

entire in most Arctoidea and all Cetacea, but is deeply cleft in all

Pinnipedia except Trichechtis. The lateral borders have papillae

in the Arctoidea ; they are lobulated in the Pinnipedia and
Odontoceti, but entire in the Mystacoceti. Vallate joapillce are

present in all Arctoidea, many Pinnipedia, but no Cetacea.

Conical papillce are present in all Arctoidea and most Pinnipedia,

but they are scanty or absent in the Cetacea. Lateral organs

are variable in the Arctoidea and Pinnipedia, but they are

absent in all Cetacea. The onfices of glands are innumerable

in the Cetacea, fewer \\\ the Pinnipedia, and scanty in the

Arctoidea. The frenuni is well marked and the lytta is present

in the Arctoidea, but the former is slight and the latter is

absent in the Pinnipedia and Cetacea. The lingual fat is well

developed in the Mystacoceti, in smaller quantity in the Odonto-

ceti and Pinnipedia, and very scanty in the Arctoidea. The
lingual muscles are well developed in the Arctoidea and Pinni-

pedia, but thej'' are poor in the Cetacea.

It is, therefore, evident that the tongues of the Arctoidea

differ markedly from those of the Cetacea, but the conditions

ai-e intermediate in complexity in the Pinnipedia. The condi-

tions in the Cetacea are a mixture of degeneration and hyper-

trophy. The mechanical and gustatory organs have almost dis-

appeared, but the glands have increased. And the pharyngeal

glands are very numerous as well. The secretion of these glands
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may contain a viscid oi* glairy substance which pi'otects the
mucous membrane from being injured by prolonged immersion
in the water. I also observed numerous pits on the roof of the
mouth and on the tongue in fresh-water and marine fishes.

But the}' are not so numerous in the Pinnipedia, as might be
inferred from a comparative study of the habits of tliese groups
of animals. Poulton (26) believes that the large glands in the
bill of OrnitJiorhynchus secrete a substance which protects the
delicate integument. The glands may also be numerous in

the Cetacea because salivary glands are absent.
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